Introduction
The problem of obesity is of increasing importance to the affluent society. The incidence in the high school student is reported to be from 10 to 23 % [5, 26, 27, 30, 41, 46] .
It is known from animal experiments that overnutrition during infancy leads to overgrowth of lean tissue with advanced bone age [14, 15, 50] , an excess number of adipocytes [28] and of visceral cells [51] . Comprehensive studies on body composition are not available for obese children and adolescents; however, evidence exists that lean body mass is excessive in some adolescent patients with obesity [16, 24, 36] . Some patients are said to have advanced bone age, excess length, and a history of obesity dating from infancy [16] . By contrast, other obese patients have excessive weight due only to excess fat, with normal bone age, body length, and a history of obesity dating from the childhood years.
The present study was undertaken to assess body composition in obesity, to search for evidence of overgrowth with respect to the total cell mass, to evaluate the number of cells or nuclei in muscle, and to obtain information concerning the composition of the adipose tissue mass.
Total body water is a function of the lean body mass while the difference between body water and extracellular water is a direct index of cell mass, since the ratio of cell protein to cell water is constant [11] . Considerable evidence exists [20] that creatinine excretion reflects muscle mass. From analyses of a sample of muscle it is possible to determine the protein and deoxyribonucleic acid content. The number of nuclei present in the entire musculature can be calculated assuming that the sample analyzed is representative of the muscle mass. These considerations are discussed elsewhere [7] . Data for normal children as related to height during growth have been documented [7, 8] .
The assessment of 'fatness' in normal or obese children is difficult. Anthropometric charts and considerations of weight for age or weight against height provide a rough measure. NICHOLSON and ZILVA [35] assumed that height is directly related to lean body mass and used the ratio wt/ht 3 as an index of 'fatness' in obesity. Radiologic assessments [19, 24, 43] , measurements of skinfold thickness [48] , or determination of body 40 K or body water have been used [16, 24] . The latter two techniques depend on the estimate of lean body mass (LBM) and the subtraction of LBM from body weight to estimate body fat. MELLITS and CHEEK [33] demonstrated an excellent quadratic relation in normal subjects between body water and height during growth. Furthermore, it is possible to demonstrate quadratic relations between body fat and height for normal males and normal females from 1 to 30 years of age.
These equations are empirical insofar as there is no precise physiologic reason for fatness to relate to length. These relationships, however, do provide a simple means for predicting the normal amount of body fat for height.
The measurement of the number of fat cells in the adipose tissue mass is difficult. Techniques based on fixation of adipocytes with osmium tetroxide [45] may not be completely quantitative.
A simple approach is made here. It is assumed that the collagen in the adipose tissue mass is related exclusively to connective tissue cells, since connective tissue is composed almost entirely of collagen nitrogen [31] . The noncollagen protein is related, therefore, to the adipocyte. Thus, it is considered that the mass of noncollagen protein in the adipose tissue is a measure of adipocyte cell population.
Clinical Material
Fourteen obese females and nine obese males were investigated [53] . Four of the obese patients had a family history of diabetes mellitus, while one girl (O 48 ) was found to have the disease at the time of study. All except four patients (O 41 , O 50 , O 55 , and O 62 ) had a family history of obesity. Of the obese girls, seven were less than 11 years of age, the other seven ranged from 12 to 17 years. Five of these subjects had a history of irregular menstruation.
Methods
The age of onset of obesity was determined by inspection of family photographs or from weight records kept by the family (90% of instances). Methods for the determination of extracellular volume (corrected bromide space or ECV) have been given elsewhere [11] while body potassium was measured by 40 K counting [42] . For the measurement of muscle mass (MM), three 24-hour urine specimens were collected while the patient was on a low creatinine diet. For reasons explained elsewhere [20] , it is considered that each gram of creatinine excreted per day is equivalent to 20 kg of MM.
A small sample of muscle was taken from the gluteal region of most patients as described previously [47] . The protein/DNA ratio of muscle was taken as an assessment of muscle cell size while the number of nuclei in the muscle mass was calculated: " . DNA per gram grams of muscle mass x _,..---°-.° DNA per nucleus as explained elsewhere [7, 8] . The data concerning obese children have been compared with published data for normal adolescents [7, 13] . Deuterium oxide was used for the determination of body water (TW) as described previously [7] . Lean body mass was estimated by the use of the Pace constant (0.72): LBM = TW 0.72 Intracellular (ICW) water was determined as the difference between TW and ECV and since the ratio of protein to water is constant within the cell, intracellular water (67%) predicts intracellular mass. Muscle and visceral cells and, to a lesser extent, connective tissue cells all constitute the intracellular mass.
Body fat was taken as the weight minus lean body mass. By applying equations [33] to predict expected fat for length for a particular subject and subtracting this quantity from body fat (as found from body water studies) it was possible to predict 'excess fatness'.
Methods for determination of collagen, protein, fat, and water in a sample of adipose tissue (which was removed from the gluteal region) are similar to those reported previously [7, 21] . Since the percentage of fat, water, collagen, and noncollagen protein was determined in the adipose tissue sample it was possible to determine the total adipose tissue mass, provided the sample was representative of the adipose tissue as a whole.
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. , total body fat, kg x 100 Total adipose mass, m kg = --z-:-~r. The amount of noncollagen protein present in the adipose tissue mass is given by: total adipose mass x percentage noncollagen protein loo Bone age was determined by the methods of GREU-LICH and PYLE [22] and GARN et al. [18] . The work of GARN and his colleagues showed that in predicting skeletal maturation the time of appearance of the epiphyses of the phalanges and metacarpals is more reliable than the appearance time of the carpal bones and of the distal radial and ulnar epiphyses. Consequently, the latter centers were ignored in determining skeletal maturation except in boys 17 years of age or older and in girls 15 years of age or older, when other criteria were not available. Standards adopted by the Brush Foundation for the normal variability of skeletal age of boys and girls were accepted (tables III and IV in GREULICH [22] ). If the bone age was greater than two standard deviations above the mean it was considered advanced.
Subject O 57 presented as a special case since her epiphyses had already fused. This corresponds to a bone age in the female of 18 years or older. Her chronological age was 17 years and she was on the 10th percentile for height. It was concluded that she had advanced maturation and bone age which was responsible for the early epiphyseal closure and reduced height, as seen in precocious puberty; however, definitive proof was not available. At the time of this study, all patients had gross excess weight for age. For males the values ranged from 55 to 196 kg, and for females 47 to 127 kg. For age, all patients were beyond the 97th percentile. With respect to length, five of the nine males had points which fell at or beyond the 90th percentile, while the value for patient O 43 fell on the 10th percentile. For six girls, the values were at or beyond the 90th percentile while the point for patient O 57 fell on the 10th percentile.
Results

Anthropometric and Skeletal Data
Lean Body Mass
Table I also contains data concerning lean body mass, body water, extracellular water and, by difference, intracellular water. Total body K from 40 K measurements is recorded.
In figure 1 , data for total body water are plotted against length. In previous work [32] it has been shown that the relation between body water and length during growth for each sex could be defined as a quadratic equation. With the use of a computer a quadratic equation can be expressed as two intersecting lines with an upper and lower segment. In figure 1 , the upper segments are shown for normal boys and girls of the same age range as the obese adolescents. The points for the obese boys fell two standard deviations beyond the normal population. Three of the obese girls had values that can be regarded as normal for length, while the tallest girl (O 45 ) had a value that was low (if the normal line is extended). It will be recalled The application of 40 K counting for assessment of lean body mass was unsatisfactory in the obese patients. The relation between body K and TW for obese girls (for example) was as follows:
For normal girls of lesser weight but the same age range the relation was:
Analysis of covariance demonstrated that these lines were derived from two different populations. The slopes of the lines were different (P<0.01). If the line for normal girls was extended into the range for total water of obese girls it was clear that body potassium for obese girls was less than expected. Similarly, if the few points obtained for obese boys were plotted on the graph for normal boys the points fell below the line. Injection of small amounts of 42 K into the obese subjects did not allow a better prediction of lean body mass.
Intracellular Phase
In figure 2 the relation between intracellular water and length for normal boys and girls is quadratic. The values for four of six obese boys fell above the values for normal boys of the same length. Similarly, 10 of 12 values for obese girls-and including all patients possessing advanced bone age-fell above the shaded area or above two standard deviations from the normal line. The other two points fell below the normal line and one below the shaded area.
The point for the tallest girl (subject O 45 ) was not recorded since measurements of intra-or extracellular water were not made simultaneously. The value for IGW, however, must have been of the order of 10 liters, which in turn would be a low value for length.
Thus, the majority of subjects demonstrated an increase in ICW. Since the ratio of cell protein to cell water is constant, one can conclude that the intracellular mass of the body is increased relative to length for most of the obese individuals studied.
Muscle Mass
When a similar plot was made of muscle mass against height ( fig. 3 ) it was found that points for obese boys Fig. 1 . Relation of body water to body length for normal adolescent boys and girls (±2 SD) ; the two linear relations are discussed elsewhere [32] . Points for obese girls (with and without advanced bone age) and for obese boys are plotted. In almost all instances a large increase in body water or lean body mass for length was noted. 
Size and Number of Muscle Cells
Table II shows the data relating to studies on muscle cell growth. Figure 4 illustrates the relation between number of nuclei in the musculature and length. The points for four of five obese male patients followed the normal curve, but three of the points fell at a higher level and were commensurate with the excess height. Certain obese female patients, however, demonstrated a gross departure from normal and an excess number of nuclei for length. These obese girls all had advanced bone age.
In figure 5 the protein/DNA ratios (cell size) are shown in the muscle for the obese patients. Muscle mass forms the abcissa. All the girls with advanced bone age had a reduction in the size of their muscle cells. Two girls (O 49 and O 61 ) with an advanced bone age of only 1 year also showed the same finding. 
Adipose Tissue and Body Fat
Table III contains data concerning total body fat, expected fat for length, and the difference between the two measurements, expressed as 'excess fat'. The 'excess fat' in males ranges from 15 to 89 kg and in females from 9 to 45 kg. In addition, direct analyses of the adipose tissue are recorded. The overall percentage of fat in adipose tissue was 69-92 %; collagen, protein, and water made up the remainder. Data concerning only four normal subjects are presented but the percentage of protein, collagen, and noncollagen protein in a fresh sample of adipose tissue was reduced significantly ir obese children (P < 0.005). More analyses for normal children are needed. Our normal data are in agreement with those of BAKER [2] .
In table IV, mean values have been recorded for the assessment of total adipose tissue mass for obese subjects and for normal subjects. Similarly, the total amount of collagen and noncollagen protein in the adipose mass are recorded. Obese males have more excess adipose tissue than females. Females, however, irrespective of 'fatness' appear to have the same total amount of collagen and noncollagen protein within the adipose tissue. Obese males have larger amounts of total collagen and noncollagen protein relative to normal males. These findings indicate that an excessive amount of lean tissue is present in the adipose tissue mass for obese boys. A large increase in adipocyte cell population is predicted provided that noncollagen protein reflects cell number in adipose tissue.
ECV and Body Weight
Of interest was the finding that in obese males the ECV remained between 16.0 and 17.5% of body weight (which in turn ranged from 55 to 200 kg). These findings suggest that excess weight due to excess adipose tissue is accompanied by a proportional increase in extracellular fluid within the adipose tissue
Discussion
This work reports the overgrowth of tissues that occurs in obesity. More than one-half of the obese females and all but two of the male patients had excessive length for age.
Eighteen of 22 patients studied had excess lean body mass relative to length and a similar proportion had increased intracellular mass. The intracellular mass as measured here includes muscle, viscera, and, to a lesser extent, connective tissue. Further investigation revealed sex differences. Excess growth of lean tissue within the adipose tissue mass could be demon- 5 Calculated from expected fat and data from composition of adipose tissue in normal subjects (table III.) strated in boys but no such increase was found in girls. One-half of the obese girls, including those with advanced bone age, however, had an increase in muscle mass relative to length while none of the boys showed this finding. Admittedly, few boys were studied and, therefore, one cannot be sure that findings for a larger group would be the same.
Patients with advanced bone age did not always have an early onset of obesity, although overgrowth of lean tissues was a frequent finding. Classification of obesity into groups depending on these factors has not been possible in this study. Such a classification [16] would depend on assessment of fatness by 40 K measurements, and 40 K counting proved unreliable in the assessment of lean body mass in obesity, probably because of the large amount of peripheral adipose tissue that acted as a shield, reducing radiation from muscle and viscera. FORBES et al. [17] have proposed a correction factor that can be employed; however, body water measurements are reliable for the prediction of LBM in obesity [1, 29] .
The observations on noncollagen protein in the adipose tissue mass support the contention that increments in the fat cell population are far more remarkable in the boy than in the girl. Since weight reduction is associated with diminution in fat cell size (rather than loss of cell number) [45] one would suspect that obese boys are placed at a greater disadvantage.
Excess growth of connective tissue in the male could be related to androgen or insulin production. In our previous work we found a remarkable increase in hydroxyproline excretion when androgens were given to patients with Turner's syndrome [10] . After maturity, androgens do not affect hydroxyproline excretion [4] . Insulin causes growth of collagen even in the absence of the pituitary [12] .
All obese girls with increments in nuclei population in muscle had advanced bone age. Bone maturation is related to thyroxin, estrogen, or androgen production and not to growth hormone [25] . Evidence from studies of rats indicates that estrogens are antagonistic to growth hormone and retard nuclei multiplication in muscle [9] . Thus, one might speculate that excretion of estrogens and androgens might be altered in some obese female patients. If such should prove to be the case, two classes of obesity in the female may exist, patients exhibiting excessive muscle growth and advanced maturation and patients without these characteristics.
It has been shown elsewhere [13] that number of nuclei in muscle correlates closely with chronological age in normal children and is thus a sensitive index of maturational age.
In addition to the possible role of androgens in the overgrowth of muscle, consideration also should be given to the action of growth hormone. Girls with excessive muscle growth relative to length resemble pituitary dwarfs receiving growth hormone, a situation in which muscle growth outstrips skeletal or linear growth and increments in number of nuclei are remarkable [8, 12] . Injection of growth hormone into hypophysectomized rats produces multiplication of muscle nuclei and reduction of cell size [12] . By contrast, injection of insulin into the intact rat produces an increase in fatty tissue, and though there is growth of muscle mass, such growth is related to an increment in the protein/DNA ratio [21] , and not to an increase in number of nuclei. Thus, it is possible that the over-growth of muscle in obese girls is related to the action of growth hormone. It was suggested earlier that overnutrition in infancy, either from high density feeding or high protein feeding, might program excess production of growth hormone and insulin in genetically susceptible infants [6] .
HEALD and HUNT [23] have shown that calorie restriction in obese adolescent boys prior to maturation produces a significant negative nitrogen balance when protein intake is maintained. Since increments in calorie intake appear to be related to increments in the number of cells in muscle [8] during adolescence in boys, and since growth hormone is important for cell number increase, it can be suggested that calorie restriction restricts growth hormone influence on muscle cells. Hence, a negative nitrogen balance might result. Both insulin and growth hormone are important for optimal amino acid uptake in muscle [34, 40, 49] .
Adult patients with obesity have high circulating levels of insulin [38] [39] [40] . A similar situation holds for the obese adolescent [37] . The obese patient becomes increasingly insensitive to insulin [45] and, indeed, one of our patients with advanced bone age developed diabetes mellitus. Thus, the problem of obesity may well revolve around excess production and imbalance of hormones which, as suggested elsewhere [13] , may be reflected in the pattern of cell size and population of nuclei in muscle.
As to what extent heredity, a diabetic diathesis, and overnutrition are involved remain questions to be resolved by future research. The observations of ROSE and MAYER [44] concerning physical inactivity in fat infants early in postnatal life underlines the importance of heredity. The four patients in our study with no family history of obesity had late onset of obesity (5-7 years). If overnutrition is responsible for advanced maturation and overgrowth in experimental animals [15, 50] , the possibility exists that one class of obesity is more directly related to environmental factors. Close inspection of birth weights in a large group of obese girls might provide a clue, since among obese girls only one with advanced maturation had excess birth weight (O 50 ). This patient had no family history of obesity and the onset of obesity occurred at 5 years of age. Thus, the balance of our limited evidence suggests that advanced maturation in obese girls depends on environmental as well as on genetic factors.
Summary
Fourteen obese females and nine obese males were investigated. Body water and body fat, extracellular and intracellular volume (and intracellular mass) were determined together with bone age, body length, and body weight. 'Expected fat' was calculated from length and subtracted from total fat to yield 'excess fat'. Adipose tissue samples were analyzed for major constituents and the content of collagen and noncollagen protein calculated within the adipose tissue mass. Muscle mass was determined from excretion of creatinine and a sample of muscle was taken for estimation of size and number of muscle cells. The total number of nuclei in muscle was calculated.
The majority of patients showed excessive length and excess fat (15-89 kg for boys and 9-45 kg for girls). The assessment of excess tissue growth was based on body length. Lean body mass and intracellular mass were increased for nearly all patients.
Boys showed no evidence of increased muscle mass for length but did have excess collagen and protein in the total adipose mass.
Girls showed little evidence of increased lean tissue within the adipose mass but one-half of the female patients had an increase in muscle mass and five of these seven also had advanced bone age, an increased nuclei population, and reduced protein/DNA ratio in muscle.
